Introduction
============

Antrochoanal polyp (ACP) is a polypoid mass arising from the maxillary sinus, extending into the nasal cavity and choana through the natural or accessory ostium. It has two main components: a cystic, intramaxillary part and a solid polypoid part^[@r1]^. They are infrequent lesions when compared to common inflammatory nasal polyps (NPs). They comprise 3-6% of all NPs, but the incidence can be as high as 22.3%^[@r2],[@r3]^. The underlying pathogenesis of ACP development has not been fully understood, yet. Chronic maxillary rhinosinusitis, allergic rhinitis (AR), tooth trauma, microvascular disorder and lymphatic obstruction have all been suggested as causative factors for ACP^[@r1],[@r2],[@r4],[@r5]^. Investigation of ultrastructural morphology of ACPs with transmission electron microscopy demonstrated that few eosinophils and greater number of other inflammatory cells with normal surface epithelium and basement membrane have suggested chronic inflammation rather than allergy in the pathogenesis of ACP^[@r1]^.

The primary treatment of ACP is surgery. Initially, Caldwell-Luc operation together with simple avulsion was used, but today endoscopic sinus surgery is the most preferred surgical technique^[@r4],[@r6]^. Recently, transnasal prelacrimal recess approach has been used for recurrent cases^[@r7]^.

Neurogenic inflammation refers to a cascade of neuroimmune interactions which results in inflammatory cell infiltration in the airway. Stimulated nasal nociceptive type C nerve fibers have the ability to initiate secretion of tachykinins including substance P (SP), calcium gene-related peptide (CGRP) and neurokinin A. These proteins initiate plasma leakage, glandular secretion and the release of inflammatory cells that induce the airway inflammation^[@r8]^. Neurotrophins consist of nervegrowing factors which were firstly described as neurotrophic proteins that take part in development of neurons, formation of synapse and neuronal plasticity^[@r9]^. Nerve growth factor (NGF) is the firstly described protein of neurotrophin family. Brain- derived neurotrophic factor (BDNF), neurotrophin 3 (NT-3) and NT 4/5 also exist. These neuropeptides have been also demonstrated to trigger neurogenic inflammation in the nasal mucosa by stimulating the nociceptive type C fibers^[@r8]^.

Neurotrophins were also demonstrated to have role in allergic rhinitis (AR) and pathogenesis of idiopathic rhinitis^[@r7]-[@r10]^. In addition, there were two articles about the function of neurotrophins in chronic rhinosinusitis and pathogenesis of NP^[@r11],[@r12]^. Recently, NT-3 has been shown to have a local effect on the development of non-allergic NP^[@r13]^. Although the main source of neurotrophins are eosinophils in the nasal mucosa, epithelial cells are another important source^[@r9]^.

Limited number of articles have focused on the molecular mechanisms involving in the pathogenesis of ACP^[@r14]-[@r18]^ and the possible role of neuronal inflammation in ACP development has not been studied yet. The neurotrophins other than NT-3 were studied largely in the nasal airway inflammation^[@r8]-[@r12]^, therefore we aimed to evaluate the possible role of NT-3 in patients with ACP by analyzing tissue NT-3 levels using immunohistochemical and serum NT-3 levels with enzymelinked immunosorbent assay (ELISA).

Material and Method
===================

Approval of ethics committee was acquired for our study with a decision number of 2015/314. Written informed consent was obtained from all patients that participated in the study.

Power analysis of the study was performed according to the results of former studies assessing the relationship between NP pathogenesis and NT-3. Accordingly, the minimum sample size was 12 for each group. The study group consisted of 20 patients with ACP who underwent endoscopic sinus surgery and control group consisted of 15 patients with concha bullosa who underwent partial excision in our Otorhinolaryngology Department. Main complaint of all patients was nasal obstruction. The diagnosis of patients with ACP or concha bullosa was made based on physical examination, anterior rhinoscopy, intraoral examination, nasal endoscopy using rigid Hopkins telescopes of 0° and 30° 4 mm. nasal endoscopes (Karl Storz^®^-Tuttlingen-Germany) and maxillofacial computed tomography results. Skin prick or blood specific IgE (sIgE) tests were performed in all patients. Sixteen allergens were used for skin Prick test panel and 35 allergens for blood sIgE panel. Patients with positive skin test or sIgE levels were excluded from the study so as to rule out the result of allergy on the study outcomes. Besides AR, patients with allergic fungal sinusitis, neurological disorders including multiple sclerosis, Parkinsonism and epilepsy were not also included in the study.

Immunohistochemistry of tissue specimens
----------------------------------------

All ACP and concha bullosa specimens were obtained during surgical procedures performed under general anesthesia. Specimens from the sinus and nasal parts of the ACP in the study and concha bullosa in the control group were obtained using cutting and Blackesley forceps. The ACP and middle turbinate mucosa specimens were fixed in 10% formalin solution. The sections of specimens were immunostained for NT-3 (Santa Cruz^®^, Texas, USA, dilution 1:200) according to the directions of the manufacturer^[@r19]^. The staining of NT-3 was observed in interstitial matrix and the cytoplasm of the inflammatory cells. Concisely, the intensity of immunostaining was analyzed. The staining intensity of NT-3 was scored semi-quantitatively in five groups: absent (0), weak (+1), moderate (+2), strong (+3), and very strong (+4)^[@r13],[@r20]^. The pathologist examining the sections was blinded to the study during immunohistochemical analysis. Weak (+1) and strong (+3) staining intensities of the nasal mucosa samples are demonstrated in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, respectively.

![Weak staining (+1) with NT-3 in the interstitial matrix (arrow) of the patient's nasal mucosa (x200, NT-3).](MEDJ-35-040-f1){#F1}

![Strong staining (+3) with NT-3 in the interstitial matrix (arrow) of the patient's nasal mucosa (x200, NT-3).](MEDJ-35-040-f2){#F2}

ELISA for Serum Samples
-----------------------

Blood samples from all patients were drawn by venipuncture into plain tubes, and instantly centrifuged at 4000 g for 10 minutes at 4°C. The serum samples were stored at -20°C until the assay. NT-3 levels were determined in the DSX™ Four-Plate Automated ELISA Processing System MicroELISA (Dynex Tecnologies, Virginia, USA), using the "Human NT-3 ELISA kit" (YH Biosearch Laboratory, Shanghai, China) according to the manufacturer's directions. The results are presented as pg/ml.

Statistical Analysis
--------------------

Statistical assessment was performed using SPSS version 23.0 (IBM SPSS Inc. USA-2015). Chisquare test was used to compare the distribution of the two groups according to the gender. Student's t-test was used to evaluate age disparity between two groups. Data were evaluated for normal distribution by using Shapiro-Wilk test. The Mann-Whitney U test was used to compare serum NT-3 levels between groups. Tissue NT-3 staining scores were also compared by using the Mann-Whitney U test. Correlation coefficient was used to assess the association between staining scores and serum NT-3 levels in both groups. P value of \<0.05 was accepted as statistically significant.

Results
=======

There were 13 male patients in the ACP and 9 male patients in the control group. The mean age of ACP group was 36.95±11.6; while the mean age of control group was 37.93±8.17 years. There were no statistically significant intergroup differences regarding gender (p=0.762) and age (p=0.781) of the patients.

Serum NT-3 levels and tissue NT-3 staining scores of each patient are given in ([Table 1](#T1){ref-type="table"}).

###### 

Comparison of serum Neurotrophin 3 levels and tissue Neurotrophin staining scores of the patients were presented.

                           Acp group (n=20)   Control group (n=15)   P value
  ------------------------ ------------------ ---------------------- ---------
  Serum NT-3               605.9±238.8,       628.9±244.9,           
  levels (pg/ml)           66-868.1           88-980                 0.463
  (Mean±SD, min-max)                                                 
  Tissue Staining scores   0.85±0.93,         0.8±0.9,               0.843
  (Mean±SD, min-max)       0-(+3)             0-(+3)                 

NT-3: Neurotrophin 3, ACP: Antrochoanal polyp, SD: Standard deviation, min: Minimum value, max: Maximum value

Mean tissue staining scores of ACP and control groups were 0.85±0.93 and 0.8±0.9, respectively. There wasn't any statistically significant difference between these two groups concerning tissue NT-3 staining scores (p=0.843). Comparison of staining scores between two groups are presented in [Figure 3](#F3){ref-type="fig"}.

![Comparison of tissue Neurotrophin 3 staining scores between two groups has been demonstrated. (NT-3: Neurotrophin 3, ACP: antrochoanal polyp).](MEDJ-35-040-f3){#F3}

Mean serum NT-3 levels of ACP and concha bullosa groups were 605.9±238.8 pg/ml and 628.9±244.9 pg/ml, respectively. There wasn't any statistically significant difference between these two groups concerning blood NT-3 levels (p=0.463). Comparison of serum NT-3 levels between two groups is demonstrated in [Figure 4](#F4){ref-type="fig"}.

![Comparison of serum Neurotrophin 3 levels between groups was presented. (NT-3: Neurotrophin 3, ACP: antrochoanal polyp).](MEDJ-35-040-f4){#F4}

When Pearson correlation coefficient was calculated, any statistically significant correlations were not observed between tissue NT-3 staining scores and blood NT-3 levels in both ACP (p=0.578) and control (p=0.359) groups.

Discussion
==========

We did not detect any statistically significant differences concerning blood NT-3 levels and nasal tissue NT-3 staining scores between ACP and control groups.

ACP is the polypoid lesion of middle meatus originating from the maxillary antrum and extending into the nasal cavity and choana^[@r1]^. Although, it was firstly explained by Prof. Killian in 190621, the underlying pathogenesis has not yet been fully understood. According to Mills^[@r5]^, ACP arises from large acinous mucous glands whose ducts were blocked during the healing process of maxillary sinus infection. Rupture of these glands forms one big intramaxillary cyst that pushes the sinus mucosa away from bony part of the maxillary sinus wall. On the other hand, Berg et al.^[@r22]^ suggested that intramaxillary cystic part of the ACPs originates from intramural cysts that can be frequently found in the healthy population. Min et al.^[@r23]^ claimed that the origin of ACP was edematous respiratory epithelium rather than glandular structures due to the paucity of submucosal glands in the histological examination of ACP. Infection or allergy related chronic inflammation occluding the antral ostium has been also speculated. Trapped air during obstruction of maxillary sinus ostium increases the tension inside the antrum and forces the preexisting antral cyst to herniate outside by the principle of Bernoulli phenomenon giving rise to ACP development^[@r24]^. When the ACP completely fills the nasopharynx, it is also speculated that it prevents formation of enough negative intranasal pressure in the contralateral side for development of contralateral ACP, so bilateral ACP cases are very rarely seen^[@r25]^. Lymphatic vessel obstruction rather than glandular obstruction has been also proposed as a causative factor for the development of ACP^[@r2]^. Regarding molecular mechanisms, protease and proactivator-dependent proliferation^[@r17]^, urokinase type plasminogen activator^[@r18]^, arachidonic acid metabolites^[@r16]^, inducible nitric oxide^[@r14]^ and human papilloma virus^[@r16]^ infection^[@r26],[@r27]^ have been assumed to participate in the pathogenesis of ACP.

Inflammatory NP and ACP differ greatly. Nasal polyps are mostly bilateral, whereas bilateral ACPs are very rare. Ethmoid sinus is the most common paranasal sinus that NPs originate from, whereas ACPs originate from maxillary sinus mucosa^[@r24]-[@r27]^. Regarding cytokine profiles, eosinophil-related IL-5 is much more common in inflammatory NP, on the under hand proinflammatory cytokine IL-6 is more frequently seen in ACP^[@r1]^. There are also clear-cut histological differences between ACP and NP. ACP contains smaller amount of inflammatory infiltrate and significantly lesser amount of eosinophilic infiltration. ACP also contains lesser number of submucosal glands when compared to NP^[@r23],[@r28]^. Ultrastructural investigation of these polyps with electron microscopy confirmed the presence of smaller amounts of inflammatory cell and eosinophilic infiltration in ACP^[@r1]^. Surface epithelium and basement membrane of nasal mucosa retain their normal morphology in the ACP, however a higher number of goblet cells are found in NP. These ultrastructural findings suggest that chronic inflammation is more important than allergy in the pathogenesis of ACP^[@r1]^.

Neurotrophins are similar proteins as regards to their receptor affinities and their physiological functions. They were firstly described by their significant functions in the development and differentiation of nervous system. They also have an active role in inflammatory reactions of allergic diseases such as allergic rhinitis and asthma^[@r9],[@r29]^. The sources of neurotrophins in the nasal mucosa are epithelial and inflammatory cells (eosinophils, neutrophils and mast cells)^[@r9],[@r29]^. Activated eosinophils are the main inflammatory cells that can produce, store and release neurotrophins during cascade reactions of airway inflammation^[@r30],[@r31]^. Neurotrophins can activate the nasal nociceptive type C fibers and stimulate release of SP, CGRP and neurokinin A in the inflammatory reaction in the airway. These tachykinins contribute to the inflammatory events by degranulation of mast cells, vasodilatation, secretion of mucus, cytokine synthesis and eosinophil chemotaxis^[@r8]^. Additionally, neurotrophins can activate eosinophils to secrete IL-4, inhibit eosinophil apoptosis, induce proinflammatory cytokine release from lymphocytes and regulate survival of mast cells^[@r9],[@r29]^.

The roles of neurotrophins in the pathogenesis of NPs have been also investigated. It has been shown that NP epithelial cells express higher amounts of BDNF compared to turbinate cells and proinflammatory cytokines increase the BDNF expression in cell cultures^[@r11]^. On the other hand, Coffey et al.^[@r12]^ found lower tissue BDNF and higher tissue NGF concentration in the NP group patients. The serum levels of the neurotrophins were not evaluated in patients with NP in mentioned studies. Recently, we have demonstrated that NT-3 may have local effect in NP pathogenesis without joining the systemic circulation^[@r13]^. Most NPs demonstrate eosinophilic inflammation^[@r12]^. In the findings of these studies^[@r11]-[@r13]^, the interaction between neurotrophins and activated eosinophils^[@r30],[@r31]^ might be the cause of higher amounts of neurotrophins in the NP tissue. We concluded that paucity of eosinophilic inflammation in the ACP tissue is the most probable cause of similar serum NT-3 levels and tissue NT-3 staining between ACP and control group patients in our study.

Conclusion
==========

NT-3-related neuronal inflammation does not seem to have an important role in the pathogenesis of ACP. Larger-scale studies investigating other neurotrophins may reveal the importance of neuronal inflammation in the pathogenesis of ACP.
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